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Abstract. We report searches for the radiative penguin decays B° — > (f)j and i?2 
based on a 23.6 fb _1 data sample collected with the Belle detector at the KEKB e + e 
energy-asymmetric collider operating at the T(5S) resonance. We obtain the first observation 
£SJ , of a radiative penguin decay of the B® meson in the B® — > (f>j mode and we measure 

B(B° -> 4>j) = (57li5(stat)t 1 7(syst)) x 10" 6 . No significant B° -> 77 signal is observed 
and we set an upper limit at 90% confidence level of B(B® — * 77) < 8.6 x 10 -6 . These results 
are preliminary. 



1. Introduction 

The Bg — > c/yy mode is a radiative penguin decay characterized by the b — > 57 quark transition 
(Fig. Q] left); it is the strange counterpart of the B — » K* (892)7 decay whose observation by 
CLEO in 1993 [lj proved the existence of penguin processes. In the Standard Model (SM), the 
branching fraction of B® — > ^7 is predicted to be (39.4 ± 11.9) x 10~ 6 [2j. The B® — > 77 mode 
is a penguin annihiliation decay (Fig. [T] right) and its branching fraction has been calculated 
in the SM to be in the range (0.5 - 1.0) x 10~ 6 H E|. £° -s- ^7 and 5° -> 77 have not 
been observed yet and the most stringent limit at 90% confidence level (CL) on their branching 
fractions are respectively 1.2 x 10~ 4 [6] and 53 x 10~ 6 [J]. 

The study of radiative penguin decays is a good tool to search for physics beyond the SM. 
A strong constraint on the B® — > <pj branching fraction is generally expected due to the good 
agreement between SM expectations and experimental results in b — > 57 rates such as in the 
B+ -> K*(892)+7 and B° -> K*(892)°7 decays [HI E] or the inclusive B -» X s j decay [TOUII]. 
The B® — > 77 decay is constrained in a similar way |12j but New Physics (NP) scenarios such 
as supersymmetry with broken R-parity }13j , a fourth quark generation [14J or the two Higgs 
doublet model with flavor changing neutral currents [15] . can increase the B® — > 77 branching 
fraction up to one order of magnitude and still provide a small contribution to B — > Xg^y. 

2. Data sample and analysis 

In this study, we use a data sample with an integrated luminosity {L- int ) of 23.6 fb~ that were 
collected with the Belle detector |16] at the KEKB asymmetric-energy e + e~ (3.6 on 8.2 GeV) 
collider [T7] operating at the T(55) resonance. The variety of hadronic events at the T(5«S') 
resonance is richer than at T(4S"). B + , B° and B® mesons are produced through the decay of 
the T(5S'). The B® mesons are mostly produced in the T(5«S') — > B*B S decay channel, with 
the subsequent decays of the excited B* states to the ground states with the emission of a slow 
photon. Therefore, we search for B® — > c/yy and B® — > 77 in B*B S events. The bb production 





Figure 1. Diagrams of the dominant processes for the B® — ► (fry (left) and B® — > 77 (right) 
decays. 

Table 1. Efficiencies (e), signal yields, branching fractions and significances (<S) obtained from 
the fit. The first uncertainty is statistical, the second one is systematic. The upper limit is 
calculated at 90% CL. 



Mode 


e(%) 


<? — * 


B (10" b ) 


S 


B° s -► cfl 
B° s -» 77 


24.7 ±0.2 

17.8 ±0.2 


18+1 

-6.8+ri 


c-7+18+12 

°' -15-17 

<8.6 


5.5 



cross-section at T(55) has been measured to be a h r = (0.302 ± 0.015) nb [18], the fraction 



of B^B^ events in bb events to be /, = N(B^ B { * ] )/N{bb) = (19.5±|;g)% [9] and the fraction 
of B*B* S events among B^B^ events to be f B ,-g* = (93±|)9S 0. 

We reconstruct </> mesons in the decay mode <f> — ► K + K~ . B® mesons are selected by means 
of the beam-energy constrained mass M^ c = J(E™ m ) 2 — (p^o 1 ) 2 and the energy difference 

AE = E™ — -Ebeam wnere P™ an d -^bo* are the momentum and the energy of the B® 
meson, all variables being evaluated in the center-of-mass (CM) frame. B* mesons are not fully 
reconstructed due to the low energy of the photon from the B* decay. The main background is 
due to continuum events coming from light-quark pair production (e + e~ — ► uu, dd, cc, ss). This 
background is rejected using a Fisher discriminant based on modified Fox- Wolfram moments 
describing event topology and a veto of ir° and r\ mesons decaying to two photons. For the 
B® — > 07 (B® — > 77) mode, we perform a three-dimensional (two-dimensional) unbinned 
maximum likelihood fit to M^ c , AE and cos#hd (^bc an d AE). The helicity angle #hei is 
the angle between the B® and the K + evaluated in the </> rest frame. 

Both fits have four free fit variables: the branching fraction, the continuum background 
normalization, the M^ c continuum shape parameter and the continuum AE slope. The signal 
yield is defined as S R:t -^* = B x e x N B o x / r *-b*, where B is B(B® — > cfyy) x B(4> — » K + K~) for 

-D s ±5 s S -D s -D s 

the Bg — ► 07 mode and B(B® — ► cjyy) for the B® — > 77 mode, e is the MC signal efficiency listed 
in Table CD and N B o = 2 x L int x a^ 5S) X f s = (2.8±g;|) x 10 6 is the number of £° mesons. 

3. Results and conclusion 

We observe 18+ 5 signal events in the B® — ► ^7 mode and measure B(B® — > ^7) = 
(57 + 15 (stat)i 17 (syst)) x 10~ 6 with a significance of 5.5 a. Results are reported in Table Q] 
and fit projections are shown in Fig. El This is the first observation of a radiative penguin decay 
of the Bg meson. The measured branching fraction is in agreement with SM expectation and 
with the measurement of the branching fractions of the B + — > ET*(892) + 7 and B° — > ir*(892) 7 
decays [9]. 
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Figure 2. Mbc AE and cos#hel projections together with fit results for the B® — > </>7 mode 
(top) and the B® — ► 77 mode (bottom). The points with error bars represent data, the thin 
solid curves are the fit functions, the thick solid curves are the signal function and the dashed 
lines show the continuum contribution. 



We see no significant signal in the B® — > 77 mode and we extract an upper limit at yu/o 
CL of B(B® — > 77) < 8.6 x 10~ 6 . This limit, obtained with an integrated luminosity of 23.6 
fb _ , is significantly more stringent than the published one [7|, but still above the current NP 
predictions. However, it is only one order of magnitude larger than the SM prediction leaving 
good hope for a Super B-factory [19] to observe this decay in the future. 



References 

[1] Ammar R et al. (CLEO Collab.) 1993 Phys. Rev. Lett. 71 674. 

[2] Ball P, Jones G W and Zwicky R 2007 Phys. Rev. D 75 054004. 

[3] Huang C H V, Lin G L and Yao Y P 1997 Phys. Lett. B 415 395. 

[4] Reina L, Ricciardi G and Soni A 1997 Phys. Rev. D 56 5805. 

[5] Bosch S W and Buchalla G 2002 JEEP 0208 054. 

[6] Acosta D (CDF Collab.) 2002 Phys. Rev. D 66 112002. 

[7] Drutskoy A et al. (Belle Collab.) 2007 Phys. Rev. D 76, 012002. 

[8] Ali A and Parkhomenko A Y 2002 Eur. Phys. J. C 23 89. 

[9] Yao W M et al. (Particle Data Group) 2006 J. Phys. G 33, 1 and 2007 partial update for the 2008 edition. 

[10] Misiak M et al. 2007 Phys. Rev. Lett. 98 022002. 

[11] Heavy Flavor Averaging Group : http://www.slac.stanford.edu/xorg/hfag/ 

[12] Bertolini S and Matias J 1998 Phys. Rev. D 57 4197. 

[13] Gemintern A, Bar-Shalom S and Eila m G 2004 Ph ys. Rev. D 70 035008. 

[14] Huo W J, Lu C D and Xiao Z J, hep-ph/0302177 

[15] Aliev T M and lit an E O 1998 Phys. Rev. D 58 095014. 

[16] Abashian A et al. (Belle Collab.) 2002 Nucl. Instr. and Meth. A 479 117. 

[17] Kurokawa S and Kikutani E 2003 Nucl. Instr. and Meth. A 499 1 and other papers included in this volume. 

[18] Drutskoy A et al. (Belle Collab.) 2007 Phys. Rev. Lett. 98 052001. 

[19] Abe K et al. 2004 SuperKEKB Letter of Intent, KEK Report 04-4. 



